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Abstract
Historical sources report that some species of freshwater fish were considered luxury food items in England during the Mid-
dle Ages. The high retail price associated with species such as pike, salmon and sturgeon, as well as restrictions of fishing 
rights on rivers, estuaries and natural and artificial ponds, proves their exclusivity and role as symbols of social privilege. 
In this work, the zooarchaeological evidence from 11 English sites dated between the 11th and the 15th c. AD is discussed. 
This paper explores the differences between the ranges of freshwater species recovered from different site types, by looking 
at specific features that could define these fishes as luxury items: in particular, species selection and fish size are investigated 
as potentially meaningful variables. The size of fish will be used as an indicator of status and interpreted in view of the 
increasing phenomenon of fishing from artificial fishponds.
Keywords Diet · Status · Fish size · Biometry · Middle Ages · Britain
Introduction
Many authors describe how typology, variety and quantity of 
food consumed helped define sociocultural identities in past 
and present societies (e.g. Twiss 2012; Van der Veen 2003). 
In zooarchaeology, diet is perhaps one of the most widely 
discussed topics, contextualising meals of past populations 
within a type of society, religion or social rank, conferring to 
food the value of material culture. Part of zooarchaeological 
research is also devoted to establishing criteria to identify 
luxury food, to be used as markers of status (e.g. Crabtree 
1990; Thomas 1999; Ashby 2002; Ervynck et al. 2003; Grau 
Sologestoa 2017).
Fish-based meals, in particular, tend to be related to cul-
tural identities and socio-economic status because they often 
depend on the wealth and religious beliefs of the consumer, 
even today. These implications of fish consumption were 
perhaps even stronger in medieval societies, where meals at 
high status tables were impregnated with religious symbol-
ism, rituals and glorification of personal wealth (Klemettilӓ 
2012, 8–14).
In medieval times, everyday eating and drinking fol-
lowed the seasonal harvests, the dictates of the Church and 
the medical science of that time; day-to-day consumption 
marked the social gap between rich and poor consumers, 
both in terms of quality and quantity of food consumed (Van 
der Veen 2003, 415). During special occasions, such as reli-
gious festivities and political meetings, wealthy hosts would 
have offered luxurious and opulent banquets, underlining 
social distinctions and strengthening alliances; however, 
occasionally, the middle class would have also tried to mimic 
the upper class, stretching the family resources for a special 
meal, which would not be representative of the wealth of the 
household (Ashby 2002). In this setting, freshwater fish can 
become a useful means in order to emphasise these power 
plays within medieval society, thanks to its heterogeneous 
role as luxury and peasant foods (Dyer 1994, 108).
In medieval England, climatic fluctuations, pollution and 
overexploitation of the freshwater habitat caused modifica-
tions of the aquatic ecosystem and a consequent reduction 
of some species’ frequency and size (Hoffman 2008). There 
are exceptions to this trend, namely eel (Anguilla anguilla), 
which, because of its excellent physiological adaptability 
to different environments, was not dramatically affected by 
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such modifications (Hoffman 2008). The movement and 
concentration of people in towns during the 10th c. AD 
increased the levels of water pollution (and the consequent 
shrinkage of the freshwater ecosystem) but also the demand 
for fish; this demand was no longer supported by freshwater 
supplies (Barrett et al. 2004a).
Despite the high number of freshwater resources in Eng-
land, access to this type of fish was not equal for all social 
classes. One of the historical phenomena connected with 
the arrival of the Normans in 1066 AD was the rise of land 
privatisation, incorporated into estates, and the growth of 
private fisheries (Sykes 2007). These changes were aimed 
at enhancing the visibility and power of the new Norman 
aristocracy. This increasing regulation of freshwater aquatic 
sources and the exclusivity of fishing rights dramatically 
diminished the accessibility to freshwater food, and conse-
quently increased the value of the freshwater catch (Dyer 
1994). More investments were also devoted towards the con-
struction of private ponds connected with high status estates. 
Ponds were first a symbol of royal status, later also becoming 
features of aristocratic manors and ecclesiastic sites (Locker 
2018, 47). Fishponds’ function was mostly exclusivity: they 
provided prestigious meals for special occasions and very 
rarely produced surplus for sale; river fisheries, on the other 
hand, were much more productive (Taylor 2000).
Religion also played an important role within this context. 
Religious precepts dictated the consumption of fish on fast 
days among all social classes, while for monks, meat was 
generally forbidden according to the Rule of St. Benedict 
that stated monks should not consume quadrupeds’ meat, 
except for the sick, old men and children (Patrick 2016). The 
English Benedictine Reform of the 10th c. AD represented 
an attempt to give new force to the application of the Rule 
and this may have triggered a higher demand for fish (Dyer 
1994). However, concessions and (mis)interpretations of the 
rules were the norm (Patrick 2016, 31). We know, indeed, 
that by the 13th c. AD, the monastic diet was comparable to 
an upper-class diet, both in terms of quality and quantity of 
food consumed (Harvey 1993, 34).
As a result of all these processes, freshwater fish became 
a less significant part of the diet with some species raised 
to symbols of social privilege (Dyer 1994). However, not 
all freshwater species had the same value. From historical 
sources dated to the 11th–15th c. AD, we know that spe-
cies such as freshwater bream (Abramis brama), pike (Esox 
lucius), perch (Perca fluviatilis), burbot (Lota lota), stur-
geon (Acipenser sp.) and salmon (Salmo sp.) were typically 
expensive and/or highly valued, while other species, like eel 
or small Cyprinidae (carps and minnows), were sold cheaply 
at the market, especially from the 15th c. AD onwards, and 
were thus also available to the lower classes (Dyer 1994; 
Woolgar 2000). Furthermore, larger and selected specimens 
(e.g. large pike, “luce,” or large eel, “grete” eel), or restricted 
and rare species (e.g. sturgeon), were typically destined to 
high status groups, featuring on the table as a sign of wealth 
(Woolgar 2016, 172).
Prolific zooarchaeological research on medieval fish con-
sumption, focussed on the typology and status of sites, has 
been performed in central Europe (e.g. Heinrich 1994; Galik 
and Kunst 2004; Borvon 2019), especially in Belgium (e.g. 
Van Neer and Ervynck 1994, 2004; Ervynck 1997; Pigiére 
et al. 2004; Van Neer et al. 2009). A number of zooarchaeo-
logical reviews for medieval England include fish remains, 
approached as a comparison of marine/freshwater/migratory 
fish frequencies (e.g. Barrett et al. 2004a; Serjeantson and 
Woolgar 2006; Harland et al. 2016; Holmes 2017; Albarella 
2019). Specific work has been undertaken on marine fish 
(e.g. Locker 2000; Barrett et al. 2004b; Barrett and Orton 
2016), but very little has been published specifically on 
freshwater fish (Locker 2018).
These studies proved how, in England, fish assemblages 
show a decrease in freshwater and migratory species in 
favour of marine species at around 1000 AD, during the 
so-called fish event horizon (Barrett et al. 2004a). Con-
sequently, from the 11th c. AD onwards, herring (Clupea 
harengus) and cod (Gadus morhua), and successively other 
Gadiformes, became the most common species consumed, 
especially as a preserved product, representing a form of 
cheap staple food.
A number of English assemblages connected with 
wealthy contexts showed the preferential consumption of 
highly regarded fish species (e.g. the later 15th–16th c. AD 
assemblage from the rural high status manor of Little Pickle 
(Bullock 1994); or the mid-11th c. AD assemblage from 
Westminster Abbey, (Locker 1995)); however, the definition 
of clear status indicators has been hampered by the scarcity 
of freshwater fish remains for the period, which often pre-
vent reliable comparisons among sites. This overall shortage 
of data is reflected in the scarcity of work on the biometric 
analysis on freshwater fish; traditional biometric approaches, 
like the use of regression equations for fish size reconstruc-
tion (e.g. Libois and Libois 1988 on Cypriniformes), are 
based on a limited number of measurements, which are typi-
cally reflected in small data samples.
This paper aims to fill this information gap by exploring 
the link between freshwater fish and wealthy households in 
medieval England, from the Norman Conquest until the start 
of the Early Modern Period (11th to 15th c. AD). The use of 
log ratio scaling technique within biometric analysis allows 
an increase in the sample size and the possibility to approach 
the recognition of status indicators from a different angle. 
Specifically, we will try to tackle the following issues:
1. How is the consumption of freshwater and marine fish 
interrelated and linked with the status of the sites ana-
lysed?
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2. How are species and size related with the economic and 
social value of freshwater fish and the tenure of private 
freshwater sources (i.e. river fisheries and fishponds)?
3. What is the potential of biometry for exploring status 
markers within this context?
Material and methods
For this analysis, 11 fish assemblages were re-studied 
by the author (following a consistent recording system 
and approach) and selected on the basis of the type of 
site, chronology and availability of the material. These 
assemblages, dated between the 11th and the 15th c. AD, 
are representative of both high status and low status, 
secular and religious and inland and coastal areas across 
England, although some areas are underrepresented in 
this study, e.g. the southwest and north (Fig. 1). The two 
castles and Eynsham Abbey are regarded to be of the 
highest status in the sample, followed by St. Mary Graces 
and St. Gregory’s Priory (the latter possibly being less 
wealthy). Urban assemblages can be representative of 
various status conditions, but, on average, they tend to 
be less wealthy than other sites discussed. Table 1 and 
Online Resource 1 summarise all relevant information 
related to the sites.
Fig. 1  Geographic location of 
sites discussed in this research. 
For site names, see reference 
number (map ref. n) in Table 1
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This paper focuses on two types of ichthyoarchaeological 
evidence: taxonomic frequencies and biometry. Percentages 
are calculated based on the total NISP (Number of Identified 
Specimens) for all graphs.1 A threshold of NISP larger or equal 
to 100 was implemented, and, for smaller assemblages (e.g. 
Orchard Lane), interpretations and generalisations were limited.
The recording protocol follows Maccarinelli (in prep; 
Online Resource 2). Identification of fish skeletal remains 
relied mostly on comparison with modern specimens of the 
zooarchaeological reference collection held at the Univer-
sity of Sheffield (UK) and the Royal Belgian Institute of 
Natural Sciences, Brussels (Belgium), but a number of other 
resources were also used (Online Resource 2).
Measurements for pike, perch, Cyprinidae and eel from 
different elements (Online Resource 2) were combined 
through the use of the log ratio scaling technique; this method 
calculates the decimal logarithm of the ratio between each 
measurement and its standard (Simpson et al. 1960; Meadow 
1999, 288) allowing measurements from different elements 
to be combined. This technique increases the sample size 
available and is widely used in zooarchaeological analyses 
(Meadow 1999; Albarella and Payne 2005). A sample size 
threshold by phase of ≥ 40 measurements was applied.
Results
Analyses were done by groups of sites, arranged by typology 
as indicated by Table 1. As the focus of the interpretation is 
on status, it was decided to combine material by chronology 
and recovery methods (possible consequent biases will be 
discussed where relevant).
Taxonomic frequencies (NISP)
The results show the consumption of freshwater fish 
was overall more frequent in the higher status sites 
(Figs. 2 and 3). At Windsor, freshwater fish was fewer com-
pared to Stafford; however, at Windsor Castle, 40 fish taxa 
were identified, mostly marine but with a higher number of 
freshwater taxa compared to the other 10 sites (Table 2). A 
large taxonomic diversity would signify a limitless accessi-
bility to species, achievable only within wealthier contexts; 
yet a factor to consider is that not all freshwater species 
retrieved may necessarily represent edible food or specifi-
cally targeted species (i.e. representing an accidental catch 
or gut content of larger predators such as pike). Inequity 
in the number of freshwater and marine taxa is less pro-
nounced at castle sites, but typical of many other sites (and 
in favour of marine species) (Figs. 4 and 5). Species diver-
sity is highly dependent on the size of the assemblage and on 
the recovery methods used (Ashby 2002); however, despite 
the small sample size, urban assemblages are represented 
by a relatively large range of marine taxa, strengthening the 
significance of freshwater taxa paucity.
Collectively, freshwater fish were consumed more fre-
quently in towns than in religious establishments, but not 
when considering Eynsham Abbey and St. Mary Graces 
specifically. Conversely, St. Gregory’s Priory has lower 
freshwater fish frequencies and this may be representative 
of the lowest wealth but also of the position near the coast 
with easier access to marine fish.
Within towns, we observe a lower frequency and taxo-
nomic diversity of freshwater fish and the highest proportion 
Table 1  List of sites considered
Recovery = FS fine-sieved with mesh ≤ 2 mm; CS coarse-sieved, with mesh > 2 mm; S sieved, with no indication of mesh size; H-C hand-col-
lected; MIX sieved and hand-collected, mixed after collection; ND no information about recovery methods is available.
Site Map ref. n Useful chronology Type County Recovery Tot NISP
FS CS S H-C MIX ND
Stafford Castle 1 11th–15th c Secular castle Staffordshire X X 5171
Windsor Castle 2 11th–14th c Secular castle Berkshire X X X 12,681
Eynsham Abbey 3 11th–15th c Religious Oxfordshire X X X X 9026
St. Mary Graces 4 15th c Religious London X 979
St. Gregory’s Priory 5 14th–15th c Religious Kent X 9356
Stert Street (38, 40, 42, 44) 6 13th–15th c Urban Oxfordshire X X 2214
Orchard Lane 7 11th–12th c Urban Cambridgeshire X 196
Fleet Valley 8 12th–15th c Urban London X X X 1369
Trig Lane 9 13th–15th c Urban London X X 208
Billingsgate 10 11th–15th c Urban London X 2233
Milk Street 11 11th–14th c Urban London X X 1492
1 Percentages were also calculated as the average of the percentages 
for each site, but the results did not change significantly; thus, these 
results are not shown here.
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of migratory taxa (mostly eel). Among London sites, the 
high diversity of marine taxa can be linked to their wide 
availability at the city’s markets. The high occurrence of 
freshwater taxa at Orchard Lane and, to a lesser extent, at 
Stert Street can be partly representative of their location 
inland and near rivers (and near the Fens in the case of 
Orchard Lane). The small Orchard Lane assemblage is likely 
affected by recovery bias (only fine-sieved small remains 
from a single context were recovered) but a major reliance 
on the local river is visible, mostly exploited for eel and, in 
a lower proportion, for Cyprinidae; these were mostly inter-
preted as by-catch due to their small size (Smith 1997). Sim-
ilar high frequencies of eel were recorded for Stert Street.
Pike is well represented only at Stafford Castle, fol-
lowed by Eynsham Abbey and St. Mary Graces (Fig. 6). 
Collectively, pike appears to be more abundant at castles, 
followed by religious establishments and, ultimately, urban 
sites (Fig. 7). If the coastal St. Gregory’s Priory is disre-
garded, pike frequency nearly doubles within ecclesiastic 
establishments.
The royal sturgeon (Acipenser sturio/Acipenser oxyrin-
chus) was found at Windsor Castle and Eynsham Abbey. It 
was also present in three London urban sites (Billingsgate, 
Trig Lane and Fleet Valley (Locker 1994)).
Salmonidae were more commonly consumed at the two cas-
tle sites (Fig. 8). This fish family has a very delicate skeleton, 
strongly affected by taphonomic processes, but it is also ecolog-
ically very demanding in terms of water quality; thus, location 
of the site may again have a big influence in their distribution.
Similarly, burbot was uncommon among the studied 
assemblages and found mostly within religious establish-
ments (Fig. 9). Burbot was present in the three highest status 
sites and at St. Mary Graces, while it occurred only at the 
urban site of Stert Street. The remains of burbot found at 
Windsor Castle suggest that the species may be present in 
the Thames (if not imported) and, in this case, the absence 
of burbot from the London sites may indicate that it was 
not typically purchased at the market (possibly because of 
its rarity and high value/price). It is worth mentioning that 
the skeletal morphology of burbot is not easily distinguish-
able from small Gadidae; thus, a generic scarcity of burbot 
may also be due to the identification of its bones to a higher 
taxonomic level (Gadiformes).
Fig. 2  Frequencies (NISP) of environmental distribution for all sites
Fig. 3  Frequencies (NISP) of environmental distribution by typology 
of sites
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Cyprinidae are the most common freshwater fish at all 
sites, with the exception of Stafford Castle and Eynsham 
Abbey, where pike dominates. Pike is also predominant at 
Trig Lane, but this is likely to be the consequence of a lack 
of sieving. Cyprinidae are most abundant in castles (particu-
larly Stafford), followed by urban sites and religious estab-
lishments (Figs. 10, 11). For the two castles, the high fre-
quency of Cyprinidae may be associated with the presence 
of ponds; this does not seem to apply for Eynsham Abbey. 
At St. Mary Graces, the abundance of Cyprinidae could 
be linked to the presence of water mills, where Cyprinidae 
were likely fished alongside eels. Among urban sites, the 
highest number of Cyprinidae remains is found at Orchard 
Lane, where eel was also abundant, thus probably they were 
sourced together.
Perch is less regularly recorded than other typical pond 
fish (i.e. pike and Cyprinidae) and it appears to be more 
frequently consumed in castles, followed by religious estab-
lishments and urban sites (Fig. 9).
Eel appears to be more common at urban sites, where 
similar percentages of herring are present (Fig. 7), while 
the smallest frequency of eel is found at religious establish-
ments, where it is offset by the highest presence of herring.
At Windsor Castle material recovered from selected con-
texts, mostly from better dated kitchen layers of the Round 
Tower (Site 431), it shows an increase in the frequencies of 
marine taxa from the 12th c. AD onwards (Fig. 12). This 
increase is clearly perceivable with the intensification of the 
presence of herring and, in smaller quantity, also cod, to the 
detriment of migratory and freshwater fish, especially eel 
and pike, but also Salmonidae, perch, burbot and Cyprinidae 
(Figs. 13, 14, 15 and 16).
Biometric analysis
The largest pikes appear to be recovered from castles 
(Fig. 17). The greater variation of measurements for pike 
in castles and in religious establishments suggests a regular 
supply of pike throughout the year, possibly connected with 
the management of freshwater sources. Within fishponds, 
fish could be grown to an optimal or desired weight before 
culling, resulting in a larger average size. The largest pikes 
would be fished in rivers, as they tend to be unmanageable 
in fishponds (Bonow et al. 2016). The distribution of meas-
urements through discrete peaks of size abundance in urban 
sites could indicate that fishing for pike was undertaken spo-
radically/seasonally, however this distribution may also be 
biased by the smaller size of the sample.
Very large pike specimens, with a total length of 1 m or 
more, were recovered from the three higher status sites. A 
few large pikes were also identified in urban contexts; these 
specimens are likely to represent meals of wealthier dwellers 
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gifts from the rural aristocracy in exchange for favours or 
loyalty.
At Windsor Castle, the distribution of pike measurements 
tends to be diverse, but with a focus on adult individuals 
(Fig. 18). Approaching the 14th c. AD, the distribution of 
pike sizes, with the exception of some outliers, seems to 
become bimodal, possibly representing seasonal exploita-
tion or the use of different sources (i.e. river fisheries and 
fishponds). Despite not showing a significant size change 
from the better represented 12th and 14th c. AD samples, the 
size of pike at Windsor Castle appears to be for each period 
represented larger than in religious and urban sites.
Biometric analysis for Cyprinidae shows that the largest 
specimens were consumed at castles, followed by religious 
establishments, and then urban sites (Fig. 19). In a similar 
manner to pike, the roughly unimodal distribution of meas-
urements of Cyprinidae from the two castles, together with 
the wide range of sizes represented, may indicate managed 
fishing occurring all year round, namely that the fish were 
kept in fishponds. It is worth mentioning that a great diver-
sity of Cyprinidae sizes would also be representative of 
species diversity. The smallest specimens were probably 
a by-catch from river fisheries and water mills or from 
the stomach content of large predators (e.g. pike). With a 
smaller average value but a similar distribution and range of 
sizes, Cyprinidae recovered from religious establishments 
could also be associated with fishponds. The presence of 
very large specimens (at Eynsham Abbey) may support the 
idea of the growth of Cyprinidae within fishponds, as this 
tempting prey would probably not survive long in natural 
environments. As with castles, Cyprinidae at religious sites 
were also caught from river fisheries and water mills, in 
particular the smallest individuals as by-catch. Indeed, in 
the specific case of Eynsham Abbey, it was suggested that 
most of the fishponds were dedicated to the breeding of 
pike and eel (Ayres et al. 2003) rather than to the growth of 
Cyprinidae. In urban sites, the heterogeneous distribution of 
Cyprinidae sizes could possibly be related to less organised 
fishing (e.g. occasional and/or from different sources) and 
accidental catches for the smallest specimens.
Similarly, despite the small sample, it seems that larger 
perches are found at castles, followed by religious estab-
lishments (Fig. 20), and only few small perch bones were 
measured for urban sites. The wide range of measurements 
from castles may once again be linked with managed fish-
ing, but this trend is not evident in religious establishments.
Despite the higher frequency of eel at urban sites, 
the largest eels are found at the three highest status sites 
(Stafford Castle, Eynsham Abbey and Windsor Castle), 
while the smallest are from the other two religious estab-
lishments (St. Mary Graces and St. Gregory’s). At St. 
Fig. 4  Environmental index (n of taxa/tot NISP) for all sites
Fig. 5  Environmental index (n of taxa/tot NISP) by typology of sites
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Gregory’s, the small average size of eel can probably be 
explained by fishing occurring in estuaries and coastal 
areas, where younger eels typically live (Tesch 2003). In 
the wealthier sites, eels were probably purposefully fat-
tened for special occasions, while the largest specimens 
from towns may again represent gifts from the elite or 
the meals of richer urban dwellers. The unimodal distri-
bution of eel size on a wide range of measurements for 
castles (Fig. 21) again suggests a managed catch, possi-
bly throughout the year. The bimodal distribution from 
religious establishments, represented mostly by Eynsham 
Abbey’s eel, may be connected with the exploitation of 
different sources (e.g. fishponds, river fisheries or mills), 
but other reasons could explain the pattern (e.g. sexual 
dimorphism). Size distribution for eel from urban sites 
seems to represent a fishery more focussed on smaller 
specimens compared to the other site types.
Discussion
A number of trends have been highlighted from this 
research characterising high status sites; however, it is 
important not to oversimplify the evidence. It appears that 
a high frequency of key freshwater species, in particular 
pike, perch and Cyprinidae, combined with their large 
average large sizes could represent an indicator of status 
within the studied sites. Furthermore, size distribution on 
Fig. 6  Distribution of frequencies (NISP) for pike versus three key species (herring/cod/eel) for all sites
Fig. 7  Distribution of frequencies (NISP) for pike versus three key 
species (herring/cod/eel) by typology of sites
Fig. 8  Distribution of frequencies (NISP) for Salmonidae/pike/cod by 
typology of sites
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a wide range of measurements, and generally comparable 
to a unimodal distribution, appears to represent managed 
fishing throughout the year, possibly connected with the 
use of fishponds, and thus with the high status of the sites. 
Conversely, the occasional occurrence of rare and highly 
prized species (e.g. sturgeon, Salmonidae, burbot) used 
as indicators of status appears problematic, at least when 
analysed in isolation. As observed by others (e.g. Ashby 
2002), the presence of prestigious animals in assemblages 
does not automatically boost the status of the site, as they 
may represent an occasional meal or a poached catch.
Overall, with the exception of Stafford Castle, the results 
seem to confirm the general scarcity of freshwater fish 
already observed by others (e.g. Barrett et al. 2004a; Locker 
2018), balanced by a higher incidence of marine species. 
As exemplified by the case of Windsor Castle, the increased 
reliance on marine resources from the 11th c. AD onwards 
(e.g. Barrett et al. 2004a) is a generalised phenomenon 
within the sites observed, so as a higher degree of control of 
freshwater resources from the elite and royal court (Bonow 
et al. 2016).
The link between high status diet and freshwater fish 
appeared in the form of a higher frequency of freshwater fish 
and specific species that are known to have been especially 
prized from castle sites. A similar situation was reported in a 
review of medieval and post-medieval fish assemblages from 
Belgian sites (Van Neer and Ervynck 1994), where at Lond-
erzeel castle (later 13th–14th c. AD), the relative proportion 
of marine species (57%) was only slightly higher than that 
of freshwater and migratory species (43%), among which 
sturgeon was recorded in large quantities; on the contrary, 
urban assemblages, dated 13th–18th c. AD, were dominated 
by higher proportions of marine fish, especially Gadiformes, 
Pleuronectiformes and herring. Within our sites, one rea-
son behind the lower frequency of freshwater fish at Wind-
sor Castle, compared to Stafford, could be the location of 
Windsor near London, which could have facilitated access 
to marine fish at the city’s markets, making the fish diet more 
diverse than if it was based solely on local resources. The 
case of Launceston Castle (Smith 1995) represents a similar 
case; its location near the coast was reflected in a high taxo-
nomic variety of marine species, which were considered to 
be representative of high status.
Pike’s and perch’s higher frequencies at higher status sites 
suggest a connection with the tenure of private freshwater 
Fig. 9  Distribution of frequencies (NISP) for burbot/perch/eel by 
typology of site
Fig. 10  Distribution of frequencies (NISP) for Cyprinidae versus two key species (eel/herring) for all sites
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sources (e.g. river fisheries, fishponds, water mills). The 
low yield of fishponds would not have fulfilled the yearly 
demand for fish in larger establishments (Currie 1988), 
which was probably largely supported by riverine fisheries 
(Bond 2016, 162); however, from an archaeological perspec-
tive, the frequency of pike and perch remains would surely 
be boosted by the presence of fishponds. Pikes recovered 
within urban contexts are not an oddity, as historical sources 
tell us that small pikes (“pickerels”) were available at the 
market (Dyer 1994).
Specific habitat requirements of sturgeon and its increas-
ing scarcity, especially after the 12th c. AD (Hoffman 2008), 
suggest that the geographical location of the site might have 
an important role in the distribution of the taxon, which from 
the results appears to be present in the river Thames. As 
already mentioned, sturgeon recovered within urban contexts 
could be part of the mechanisms of exchange of rare, exotic 
(e.g. carp, peacock) or local wild animals (e.g. deer) among 
the wealthy members of English medieval society (Albarella 
2007).
Zooarchaeological evidence shows how Salmonidae use 
to be rare in medieval England (Serjeantson and Woolgar 
2006); this trend is also confirmed in the 11 sites analysed 
here. Similarly, the scarcity of burbot reflects a wider phe-
nomenon for the period, as species very susceptible to water 
pollution became rarer in conjunction with the increasing 
urbanisation of medieval towns (O’Connor 1989).
Even when we consider species with a dual perception, 
acquiring value either because of their large size (eel) or 
reared in ponds (Cyprinidae), assemblages from castles fulfil 
Fig. 11  Distribution of frequencies (NISP) for Cyprinidae versus two 
key species (eel/herring) by typology of sites
Fig. 12  Frequencies (NISP) of environmental distribution by chronol-
ogy (12th c., NISP: 1822, FS and CS material; 13th c., NISP: 651, 
FS, CS and H-C material; 14th c., NISP: 9196, FS, CS and H-C 
material), all recovery methods from the Round Tower (Site 431), 
Windsor Castle
Fig. 13  Distribution of frequencies for pike versus three key spe-
cies (herring/cod/eel) by chronology (12th c., NISP: 1402, FS and 
CS material; 13th c., NISP: 420, FS, CS and H-C material; 14th c., 
NISP: 7341, FS, CS and H-C material), all recovery methods from 
the Round Tower (Site 431), Windsor Castle
Fig. 14  Distribution of frequencies for Salmonidae/pike/cod by chro-
nology (12th c., NISP: 106, FS and CS material; 14th c., NISP: 329, 
FS, CS and H-C material), all recovery methods from the Round 
Tower (Site 431), Windsor Castle
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the expectations of high status consumption. Previous zooar-
chaeological reviews (Serjeantson and Woolgar 2006) show 
the presence of Cyprinidae in different site types as typi-
cally the most abundant taxa among other primary division 
freshwater taxa (i.e. excluding eel) and the results generally 
appear confirm the trend.
All fish taxa tend also to be larger in assemblages recov-
ered from castles. Since large freshwater species were 
used as displays of wealth rather than primarily for their 
nutritional value, fish were deliberately left to grow in fish-
ponds. Furthermore, castles probably had access to fresh 
fish throughout the year, as demonstrated by the wide size 
range we see for many species (presumably linked to sea-
sonal variation). Fishing that operated on a non-seasonal 
basis would more likely be represented by individuals of 
the same species of many different sizes (with continuous 
variability) as opposed to seasonal fishing that would result 
in discrete groups of different sizes (Morales-Muñiz 2014, 
3654). This pattern would reflect availability of different 
freshwater resources and/or artificial environments where 
the fish were available throughout the year.
The analysis of different consumption patterns in the city 
of Namur (Belgium) during the 11th–15th c. AD showed 
a similar trend. Assemblages from the high status castle 
of Des Comtes, inhabited by both laic and religious folks, 
and middle-class houses at Grognon (Pigiére et al. 2004) 
showed how freshwater species predominated in both con-
texts (mainly Cyprinidae). Nonetheless, a higher propor-
tion of perch was detected for the castle, alongside sturgeon 
and carp; these latter two species were completely absent 
in Grognon. The higher status of the castle was represented 
not only by the presence and greater incidence of higher 
quality freshwater species, but also by a wider taxonomic 
spectrum (including long-distance traded marine species) 
and the larger size of freshwater and migratory fish. Pike, 
perch and Salmonidae were consistently larger at the castle. 
Within Grognon, the middle-class occupants were consum-
ing mostly smaller and lower quality freshwater species, 
together with herring.
Zooarchaeological evidence for religious establishments 
has provided an insight into wealthy diets at ecclesiastical 
sites. For instance, the fish assemblage from Westminster 
Abbey (Locker 1995) shows a diet characterised by a wide 
variety of species including expensive ones (e.g. sturgeon, 
Salmonidae and pike). A similar trend has also been detected 
in medieval France; at the Andlau Abbey (Alsace), for exam-
ple, the higher frequency of pike recovered from 10 to 12th c. 
AD deposits, together with other prestigious species such as 
sturgeon and possibly lamprey (Petromyzontidae), was inter-
preted as an indicator of the wealth of the monks (Borvon 
2019). At the St. Salvadors Benedectine Abbey in Belgium 
(Ervynck 1997), fish remains from a kitchen deposit dated 
to the 16th c. AD included a relatively wide variety of spe-
cies. The diet included preserved marine fish (salted herring 
and stockfish), but was based predominantly on freshwater 
catches, mostly eel and carp. Expensive species were also 
identified, including sturgeon and turbot (Scophthalmus 
maximus). Ervynck interpreted the consumption of such a 
wide variety of species as an attempt to escape the monotony 
of a diet regimented by religious rules and fasting. The evi-
dence of high status from our three religious establishments 
is less straightforward, probably reflecting the interplay of 
various potentially conflicting factors. Nonetheless, highly 
regarded species tend to be more frequent than in urban sites 
(except for Cyprinidae) and specimens also tend to be larger 
(except for pike). The relatively smaller sizes of fish from the 
Fig. 15  Distribution of frequencies for burbot/perch/eel by chronol-
ogy (12th c., NISP: 667, FS and CS material; 14th c., NISP: 1358, 
FS, CS and H-C material), all recovery methods from the Round 
Tower (Site 431), Windsor Castle
Fig. 16  Distribution of frequencies for Cyprinidae versus two key 
species (eel/herring) by chronology (12th c., NISP: 1630, FS and 
CS material; 13th c., NISP: 443, FS, CS and H-C material; 14th c., 
NISP: 7831, FS, CS and H-C material), all recovery methods from 
the Round Tower (Site 431), Windsor Castle
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three religious establishments compared to castles may be 
a consequence of a demand required from a diet which fol-
lows religious precepts (i.e. meat avoidance). Harland et al. 
(2016) noticed at medieval York how fishing pressure on a 
specific species can indeed lead to a decrease in the average 
fish size. This fish demand seems to be also supplemented by 
the purchase of herring, probably mostly in preserved form, 
which explains the lower frequency of freshwater fishes in 
ecclesiastic sites compared to castles. Moreover, herring and 
other small-sized fish, as observed by Van Dam (2009, 324, 
328), were ideal food for fasting because larger fish might 
have been considered particularly desirable, and therefore 
forbidden and regarded as sinful by certain monastic orders.
The wealthiest establishments owned fishponds and 
mills and had access to river fisheries; but inhabitants of 
towns generally relied on food sourced from the country-
side or on cheaper, imported, preserved marine fish sold 
at the market, while the purchase of fresh freshwater fish 
Fig. 17  Distribution of log ratio values for all anatomical elements 
for pike from 11 to 15th c. sites. The star indicates the mean, and the 
full line marker represents a modern pike (origin: unknown) with TL 
of 340  mm and SL of 300  mm (mean: − 0.36). The standard set of 
values is represented by the value 0 (TL: 715 mm, SL: 650 mm; mod-
ern individual, origin: France)
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was more expensive (Albarella 2005, 140; Van Neer et al. 
2009). Reflecting this trend, our urban sites are generally 
characterised by lower frequencies of highly regarded spe-
cies. Similarly, in the above-mentioned Belgian review (Van 
Neer and Ervynck 1994), urban assemblages, dated from the 
13th to 18th c. AD, were dominated by higher proportions 
of marine fish, especially Gadiformes, Pleuronectiformes 
and herring. These higher frequencies were interpreted as 
the economic limitation of obtaining freshwater fish within 
urban contexts. Such reduced accessibility resulted from 
shrinking freshwater habitat due to pollution, infrastructure 
works which modified the rivers’ flow, but also from high 
taxes placed on fishing from freshwater sources.
The smaller-size fish from urban environments has 
also been reported in a study by Heinrich (1994), where 
fish assemblages recovered from an urban context (Höx-
ter 16th–17th c. AD) were compared with those from two 
medieval castles, Bodenteich (13th–18th c. AD) and Plesse 
Fig. 18  Distribution of log ratio values for all anatomical ele-
ments for pike by chronology for Windsor Castle. The star indicates 
the mean, the full line marker represents a modern pike (origin: 
unknown) with TL of 340  mm and SL of 300  mm (mean: − 0.36). 
The standard set of values is represented by the value 0 (TL: 715 mm, 
SL: 650 mm; modern individual, origin: France)
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(15th–17th c. AD), from central-northern Germany. Except 
for Bodenteich’s 17th–18th c. AD material, freshwater spe-
cies predominated in all three sites; in particular, Cyprini-
dae (e.g. freshwater bream, roach (Rutilus rutilus), chub 
(Squalius cephalus), carp (Cyprinus carpio)), perch and 
pike were the most abundant species. In the urban depos-
its though, Cyprinidae and other freshwater species were 
solely either small species (including gudgeon (Gobio 
gobio), Eurasian minnow (Phoxinus phoxinus)) or small 
juvenile individuals. Furthermore, the highly regarded 
carp was missing. These results suggested that the diet of 
townspeople was largely based on preserved marine fish 
and small freshwater fish, probably reflecting restrictions 
on freshwater fisheries. A smaller size of fish within urban 
environments has also been noticed for medieval and post-
medieval Belgian towns, where the decrease in the average 
size of freshwater fish was suggested as a possible indica-
tor of increasing fishing pressure (Van Neer et al. 2009, 
32). Within our urban assemblages, small size may reflect 
some restriction of fishing rights which was customary in 
Fig. 19  Distribution of log ratio values for all anatomical elements for Cyprinidae family from 11 to 15th c. sites. The star indicates the mean. 
The standard set of values is represented by the value 0 (Rutilus rutilus, TL: 190 mm, SL: 150 mm; modern individual, origin: Italy)
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medieval Europe (Hoffmann 1996, 653); these restrictions 
may have heavily regulated the size of the catch and fishing 
season, or they may have forbidden fishing in some areas. 
However, overexploitation could also be an explanation for 
the small fish size, as freshwater sources may have been 
pressed to feed large populations.
Conclusion
In conclusion, it seems that the combination of a 
high frequency of some key freshwater species (pike, 
perch, Cyprinidae) and their average large size could 
be interpreted as indicators of high status within the 
studied sites. In this sense, the evidence seems to 
support historical sources attesting a link between 
freshwater fish and wealthy households. Such evi-
dence can be associated with the occurrence of fish-
ponds, which increased in number in ar istocratic 
households and in religious establishments after the 
Norman Conquest. Another important indicator of 
status is a wide range of measurements for these key 
species coupled with a unimodal distribution, which 
can be linked to the presence of controlled freshwa-
ter environments and the availability of fresh fish 
throughout the year.
This research has also evaluated the importance of 
fishponds in the search of indicators of status and how 
they can affect the nature of fish bone assemblages (in 
terms of species frequencies and size of the catch). Bio-
metrical investigations have been somewhat underused 
in archaeoichthyology, typically due to the scarcity 
of data available; for this research, biometry proved 
to be a fundamental tool and it represents an innova-
tive approach for exploring archaeological markers of 
status. The use of the log ratio technique allowed an 
increased sample size, therefore extending the number 
and diversity of datasets that could be used to inform 
about socio-economic aspects of past societies. Further 
comparisons of taxonomic and biometric composition 
of fish assemblages from larger sites, with historical 
and/or archaeological evidence of the occurrence of 
Fig. 20  Distribution of log ratio values for all anatomical elements for perch from 11 to 15th c. sites. The star indicates the mean. The standard 
set of values is represented by the value 0 (TL: 275 mm, SL: 240 mm; modern individual, origin: Italy)
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fishponds, are needed in order to consolidate and fur-
ther refine these results.
Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12520- 021- 01373-6.
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